Water is technically considered as a renewable resource because it can be used over and over 44 again. However, the sustainability of this renewable resource is questionable. In the next few 45 centuries it is thought that there will be a severe lack of potable water, and this effect can 46 already be observed today even though with less severity. In North America, a large 47
percentage of the population relies on groundwater as a source of potable water [1] . 48
Groundwater is also being used extensively in many activities like crop irrigation, 49 manufacturing, oil and gas exploration, and in the production of crude oil from oil sands using 50 steam assisted gravity drainage (SAGD) technology [2] [3] [4] . In general, most groundwater is 51
clean, but groundwater can also become contaminated. Any addition of undesirable 52 substances to groundwater caused by human activities is considered to be contamination. 53
These undesirable substances may be caused by agricultural and industrial waste materials and 54 by-products. Prior to the 1970s, the regulation of these pollutants in North America was less 55 stringent. Therefore, they were often disposed of or stored on land where they seeped into the 56 underlying soil and were eventually carried downward, contaminating the underlying 57 groundwater [5, 6] . Today, despite substantial improvements in responsible care, human 58 activities such as the production of natural gas using hydraulic fracturing process, also known as 59 "fracking"; spills from industrial operations; tars used in the construction of urban roadways; 60 urban area run-offs; and leaks from landfills can still negatively impact groundwater [7] [8] [9] [10] . 61
Groundwater contaminants come from two categories: point sources or non-point sources. 62
Graveyards, Landfills, leaking underground gasoline/diesel fuel tanks, chemicals used at wood 63 preservation facilities, sludge disposal areas at petroleum refineries, and accidental spills are 64 [16, 17] . In general, they can be cost ineffective to implement and maintain for routine 80 analysis in point source monitoring. As a result, there is a need for an easy to implement, fast, 81 and reliable method for the characterization of the compounds mentioned in water for 82 monitoring and remediation activities. extraction (SPE), stir-bar sorptive extraction (SBSE), and solid phase micro-extraction (SPME). 91
92
In the present article, we introduce a fast and practical ultra-trace GC method based on mass 93 spectrometry detection in selected ion monitoring mode, capable of detecting sub parts-per-94 billion of the targeted analytes in groundwater for point source monitoring and remediation. 95
We believe the present article is the first report in the literature of the use of Mixxor extraction 96 device to extract the targeted chlorinated compounds for groundwater monitoring and 97 remediation purposes. Separation of analytes was conducted with a recently commercialized 98 highly inert 6% cyanopropyl phenyl 94% dimethyl polysiloxane capillary column. A mass 99 spectrometer equipped with a triple-axis-detector (TAD) was used to improve the instrument 100 detection limit. The use of a SilFlow three-port planar microfluidic device and a mid-point 101 pressure source affords back-flushing to be conducted. shows an overlay of reconstructed chromatograms with a duplicate analysis of a 2.5 ng/mL 263 standard mixture in SIM mode, demonstrating peak symmetries for all compounds of greater 264 than 0.98 based on UPS tailing factor with a low column bleed profile at elevated temperature. 265
As a result, this column technology was selected for the application described. As shown in 266 The chromatographic performance of the system was found to be reliable under the conditions 300 established. Reproducibility of retention times for all compounds were found to be less than 301 0.04% (n=10). The compounds cited can be analyzed over a range from 1 ng/mL to 10 µg/mL 302 with detection limits of 0.5 ng/mL each for tetrachloroethane, hexachloroethane, 303 hexachlorobutadiene, 0.2 ng/mL for pentachlorobenzene and hexachlorobenze, and correlation 304 coefficients of at least 0.999 for all analytes. A relative precision of less than 1.2 % RSD (n=20) 305 D r a f t at 10 ng/mL level with analyte recovery of greater than 99% (n=3) over a range from 10 ng/mL 306 to 10 µg/mL were obtained. 
